This study presents the assessment of actual indoor climate condition and energy performance in eight NZEB school and daycare centers of NERO H2020 project. Physical parameters such as indoor temperature, relative humidity, CO2, airflow rate and temperature were measured during heating and cooling seasons, in parallel with an occupants' questionnaires survey. Besides, calculated and measured energy data was collected from energy performance certificates and energy bills. Thermal comfort and IAQ were assessed based on categories in EN15251 standard with color footprints. Results showed that all the buildings had good or excellent indoor climate during the heating season. However, a large percentage of occupied hours were categorized as category IV during the cooling season, which mainly occurred due to too low indoor temperature caused by the low outdoor temperature during the measurement period. Also, all buildings achieved low CO2 levels. Moreover, the conducted questionaries' survey showed good correlation with measured results for all buildings except in one building, which had odor and noise problems. In contrast, the measured energy use in 5 buildings out of 7 was increased by factor 2.1-3.0 compared to calculated annual energy use due to a full-time operation of the ventilation system and presence of hot kitchens.
Introduction
Energy efficiency and indoor environment quality (IEQ) measures are the prominent topics in the building industry, which require to ensure a comfortable and healthy indoor environment within minimum energy use in buildings. These two concepts need to be balanced that fulfill the actual purposes of buildings. Educational buildings require more attention because of having special characters such as occupancy rate, pattern, activities, and many more. Besides, children and student spend a good percentage of daily hours in daycare and school buildings; it looks so obvious to ensure a healthy environment for them. On the other hand, energy is the second highest expenses in educational buildings that lead 6 billion dollars per year in the United States [2] . Due to the particular occupancy schedule, Cabrera et al. [3] demonstrated the lighting control strategy in an educational building that reported a good percentage of energy savings and discovered the pattern of energy wastage.
Many studies reported the IEQ assessment and energy use in buildings simultaneously [4] [5] [6] [7] [8] [9] . Dascalaki et al. [9] reported the energy performance and IEQ in Hellenic school building stock. The results found that excessive energy consumption due to the absence of a control system of heating and lighting. Also, deteriorated IAQ in classrooms, glare problems, noise disturbances, and thermal discomforts were also noticed [9] . In a similar context, Ghita et al. [8] investigated the energy efficiency and IEQ in Romanian countrysides' new and renovated schools. The onsite measurements and survey report found that the CO2 concentrations were in 2000-3000 ppm and thermal comfort was not achieved during the winter season while the outdoor temperature of 0 ○ C or less. However, energy consumption rating of both buildings was 'A class' [8] . Moreover, on-site measurements of indoor temperature and IAQ, questionnaires survey were conducted in Finnish school building, aiming to assess the thermal comfort, IAQ and odor intensity [10, 11] . The effect of ventilation intervention on measured and perceived IAQ had found noticeable improvement.
Several authors addressed the potential reasons such as uncertainties at design stage, construction errors, occupant behavior toward indoor thermal condition, weather condition, HVAC control system, and many more that kept gaps in between predicted and measured energy use [12, 13] . De Wilde reported that the most common errors were uncertainties at design stage and construction errors [12] . Also, prediction of the user behaviors and lack of information about systems' efficiency were other potential causes, which showed the deviation of energy use from 12-44% [13, 14] . In a similar context, heating energy use in buildings was influenced by heating setpoint temperature, which mainly driven by the occupant behavior [15] . A small change of set point temperature could show potential impact on final energy use in buildings. Moreover, a feasible and realistic HVAC control system with detailed systems' efficiency information needs to consider in simulation tools, which can minimize the energy performance gap.
The objective of this study is to assess the indoor climate condition and energy performance of low energy daycare centers and school buildings. The onsite measurements and questionaries' survey were conducted during the heating and cooling seasons. The detailed building information, operational strategy, building facility, energy consumption data were also collected, which explained the indoor climate performance and the performance gap of energy use in buildings.
Methods
The detailed building information and technical systems data have discussed in Section 2.1 and 2.2. Also, onsite measurements were taken from daycare centers and school buildings during both seasons, which have explained in Section 2.3. Furthermore, a questionaries' survey about the indoor climate condition during the measurement periods have also reported.
Building description
This study was carried out in comprehensive two daycare centers (F1, F2) and three school buildings (F3, F4, F5) in Finland and two daycare centers (E1, E2) in Estonia. All buildings are very new buildings and have classified as 'Teaching buildings and daycare centers.' The buildings were selected in cooperation with municipalities, based on their building structure. The general views of buildings are shown in Figure 1 . These buildings such as F1, F2, F3, F4, and E1 were wooden buildings, which made from wooden frame and elements. These buildings had similar external wooden frame wall, wooden floor, and roof structure. Typical exterior wall, roof, and base floor types are shown in Figure 2 . The building F5 was made from the prefabricated concrete frame (beams, columns) and partly made from elements. The external wall was made of brick followed by an air gap, thermal insulation, and board. The basement, interior floor, and roof were made of vapor barrier, air gap, blown mineral wool, and hollow concrete slab. Building E2 was built from concrete elements. The detailed thermal transmittance (U value) are shown in Table 1 . There are four weather zones in Finland. Buildings F1-F2 and F3-F4 belong to Zone 1 and 2, respectively. The annual average outdoor temperatures are 5.3 and 4.6 ○ C for Zone 1 and 2. In Estonia, there is 1 climate zone with average annual outdoor temperature 5.7 ○ C. As these building purposes are predefine, these follow the strict operation hours. The detailed of building information such as building gross area, net floor area, energy level according to the Energy Performance Certificate (EPC), heating degree days (HDD), operation hours, et cetera are shown in Table 2 . 
Description of the technical system
Buildings had different heating sources such as gas boiler, geothermal heat pump, central district heating system for space and domestic hot water (DHW) heating. The room heating provided by a floor heating system, radiators with thermostatic valve, and ceiling panels. Also, the wet room's heating in all buildings provided by the floor heating system. Moreover, the cooling system was in 4 buildings out of 7 was provided through air source heat pumps (ASHP), ground source heat pump (GSHP), and chiller. Ventilation supply air and ceiling panels were used to distribute cooling to the rooms.
All buildings had multiple air handling units (AHU), which were mainly equipped with mechanical supply and extract ventilation system with heat recovery unit. The multiple AHU units were available due to the different zone functions such as classrooms, sleeping rooms, playing rooms, corridors, kitchen, WC, et cetera. The ventilation systems were either demand based with CO2 and temperature controlled (DCV) or constant air volume (CAV) system. The ventilation systems operated with maximum speed during building operation hours (if required) and also functioned with partial speeds during the non-occupancy hours. The details of technical systems are shown in Table 3 .
Onsite measurement
Onsite measurements were taken in three different rooms of each building. The rooms were selected based on the most IAQ related complaints from the occupants. Also, an overheating problem during the cooling season was in under consideration and studied at least one room from the southern part of the building. This study measured indoor temperature, RH, CO2 level, supply air temperature, supply and exhaust air flow rate, pressure difference along the envelope during the heating and cooling seasons.
Temperature, RH were measured by ThermaData with an accuracy of +0.5 ○ C (-10 … 85 ○ C). Rotronic CL100 were measured additionally the CO2 level with the accuracy of +0.3 ○ C of temperature, +3% (10 … 95%) of RH, +30 ppm of CO2. The measurement were taken with 10 minutes interval during one month of heating and cooling seasons. In addition, SWEMA 3000md was used for measuring the supply air temperature, pressure difference along the envelope, supply and exhaust air flow rate. SWEMA 3000md measured the pressure difference in Pa with an accuracy of +0.3% and the supply air temperature with an accuracy of +0.5 ○ C. The measurements were taken as the average of 60s duration in both measurement periods.
The questionaries' survey of EN-15251 was conducted during the measurement periods. The survey reported six questions about the overall indoor environmental condition. The perceived level of thermal comfort, IAQ, illuminance and acoustics level were scaled according to Figure 3 . Odor intensity was scaled with six possible answers where 'No odor' and 'weak odor' were classified as acceptable levels. Staff members of the whole building were requested to participate in the questionnaire, and the total number of participants in both measurement periods are listed in Table 7 . 
Results and analysis

Assessment of thermal environment
The indoor temperature in buildings during measurement periods are reported in Table 4 . Only occupied hours were considered, which categorized from I -IV according to the standard EN-15251. Category I represents the highest level of expectation and is recommended for spaces occupied by sensitive persons such as elderly and children. Category II represents normal conditions and should use as the target for new and renovated buildings. Category III is the minimum an existing building should reach, while Category IV represents Indoor Environment Quality (IEQ) that should be acceptable only for a limited part of the year. Furthermore, 'Too cold' and 'Too warm' terms are introduced. 'Too cold' represents the room temperature less than the lower limit of category IV during the cooling season whereas 'Too hot' represents the room temperature more than the upper limit of category IV during the heating season. The thermal environment during the heating season in all buildings except F4 was found to be in highest categories I and II (EN 15251) for a minimum of 95% of the occupied hours, which represents an excellent thermal comfort. Moreover, 13% of occupied hours were classified as Category III in F4 building. However, 'Too warm' diagram showed that the temperatures were in between 24 and 25 ○ C (warm side in Category III). On the other hand, a large percentage of occupied hours were in category IV during the cooling season. However, 'Too cold' diagram showed that the temperatures were in less than 22 ○ C (cold side in Category IV), which mainly occurred due to too low indoor temperature caused by cold outdoor temperature during the measurement period. 
E2
The average outdoor temperature during the measurement period in Kouvola and Espoo were 14.7 and 16.3 ○ C, respectively. Measured indoor temperature and supply air temperature, as shown as duration curves in Figure 4 . The supply air temperature was relatively uniform with CAV equipped ventilation system. In contrast, the DCV system controlled by temperature and CO2 sensor showed some fluctuation of supply temperature.
Assessment of indoor air quality
The indoor air quality in buildings during measurement periods are reported in Table 5 . The measured CO2 concentration was classified into the Category of I -IV according to the standard EN-15251. The definition of each category has explained in the previous Section 3.1. The results found that all buildings achieved an excellent CO2 level that reflected the availability of dedicated and well-functioning ventilation systems in those buildings. Furthermore, for estimating the potential air infiltration, the pressure differences across the building envelopes were measured as shown in Table 6 . The measurements were taken from different rooms, located in different parts of the building which gave a range of pressure differences. The results have shown that how well the ventilation systems were balanced.
Questionaries' survey
This study also conducted a questionaries' survey about the overall IEQ. The survey results during both seasons were available of two Finnish buildings out of five. A good correlation was found in between the questionaries' survey and the obtained footprints for all buildings except buildings F4 and F5. The results suggest the acceptance percentage over 80 can classify as a good one. In building F3, the satisfaction levels of 60-70% about the illumination and acoustic level that indicated the noise and glare problems in the building. Similarly, the occupant satisfaction levels of the thermal environment were 50% during the cooling season in building F4. These might be the reason of 'Too cold' situation (cold side in Category IV, Table 4 ) that also reflected the overall indoor environmental satisfaction results. The worst feedbacks about IAQ, odor, and acoustic were found in the F5 building, which indicated strong noise and odors related problems in the building. In Estonia, staff members who participated in the survey marked all indoor climate parameters at least acceptable.
Energy consumption
Despite the presence of good indoor thermal condition and air quality in buildings F1-F4, the measured energy performance did not correspond to the calculated value. The measured energy use was by factor 2.1-2.6 higher compared to calculated value. The potential causes of remarkably higher energy consumption in F1 and F2 were the presence of a hot kitchen which did not take into account in energy calculation, absences of heat recovery unit in the kitchen, and constant operation of AHU with the aim to ventilate out the material emissions and to ensure high IAQ. Moreover, a full-time operation of the ventilation system and potential adjustments of technical systems were principal reasons for high energy use in F3 and F4 buildings (Construction year was 2017) during the first operational year. However, energy performance was achieved only in the F5 building. The detailed energy consumption data are shown in Table 8 . In Estonia, the potential causes for significantly higher energy use were hot kitchen and swimming pool equipment, and outdoor lighting which were not taken into account in energy calculations. Also, the average indoor temperature in the heating season was 23 ○ C which is higher than 21 ○ C that is used in energy calculations. 
Conclusion
This study assessed the indoor environmental quality of four daycare centers and three school buildings from Finland and Estonia. The conclusions are drawn based on the onsite measured data and questionaries' survey that were conducted during the heating and cooling seasons.
Also, comparison of energy use according to the energy performance certificate and onsite measured energy use in buildings had investigated in details. The following conclusions can be drawn:  The highest category of indoor thermal condition (categories I and II) during the heating season was achieved in all buildings;  A high percentage of occupied hours in buildings F1 to F5 were in Category IV during the cooling season. It occurred due to 'Too cold' room temperature that below than 22 ○ C, which was caused by extremely cold outdoor temperatures at the measurement period;  All buildings except E2 achieved category I and II CO2 levels, revealing that buildings were equipped with well-functioning ventilation systems;  Occupant satisfaction about the overall indoor environment was found higher than 80% in 6 out of 7 buildings, which showed a reasonable correlation between measured and questionnaire results;  Worst feedbacks were found from Building F5, indicating the presence of noise and odors related problems;  The measured energy use in 5 out of 7 buildings was by factor 2.1-3.0 higher compared to the calculated value according to EPC. Presence of hot kitchens, a swimming pool, absence of heat recovery unit in kitchens, and continuous operation of the ventilation system were the potential causes of higher energy consumption. Additionally, indoor temperatures higher by 2 K compared to heating set-point were figured out as the possible reasons for high energy use in Estonian buildings.
